Aim: The aim of this study was to compare instrumentation time and cleaning efficacy of manual instrumentation and two rotary systems in the preparation of primary molar root canals. Materials and Methods: The teeth were randomly divided into three experimental groups, Group 1 K-file (n = 30), Group 2 Mtwo (n = 30), Group 3 WaveOne (n = 30), and one control group (n = 30). The root canals were prepared using one of the three file systems followed by clearing the teeth with different demineralizing solutions. The instrumentation time in each root canal was measured by a chronometer. The results were statistically evaluated using Kruskal-Wallis tests. Results: In the coronal third, WaveOne showed more ink removal and the difference found was highly significant (P < 0.0001).
INTRODUCTION
Endodontics is a difficult task in children due to the complex anatomy of the root canals in primary teeth.
[1] Successful treatment depends on the technique of instrumentation, irrigation, disinfection, and obturation of the root canal. [2] Conventional endodontic treatment for primary teeth is time-consuming and often causes fatigue to the operator and child. [1, 3] Pediatric Endodontics was bestowed with rotary instruments by Barr et al., in 2000 . [4] It enhances the quality of obturation by providing conical shape to the root canal. [5] Nickel-titanium (NiTi) alloy instruments inherent flexibility that allows the files to preserve the original anatomy of curved canals, especially in primary teeth and reduce the chances of procedural errors. [6] Mtwo system was developed and introduced in 2003. The standard Mtwo rotary set includes four instruments with variable tip sizes ranging from #10 to #25 and tapers ranging from 0.04 to 0.06-0.07. According to the manufacturer, the minimally invasive Mtwo NiTi instruments should be used in single-length techniques without early coronal enlargement. [7] [8] [9] The new WaveOne NiTi single-file system was introduced by Dentsply Maillefer (Ballaigues, Switzerland) in 2011. The system is designed to be used with a dedicated reciprocating motion motor. It consists of three single-use files: Small (ISO 21 tip and 0.06 taper) for fine canals, primary (ISO 25 tip and 0.08 taper) for the majority of the canals, and large (ISO 40 and 0.08 tapers) for large canals. The files are manufactured with M-Wire (Dentsply Tulsa Dental Specialties) NiTi alloy. [10] The aim of this study was to compare instrumentation time and cleaning efficacy of manual instrumentation and rotary systems in the preparation of primary molar root canals.
MATERIALS AND METHODS
After receiving the approval from Institutional Review Board, Eighty-four extracted primary teeth were collected without any prior treatment done on them. The exact reasons for tooth extraction were unknown to their searchers, but it was assumed that they were extracted because of caries, periodontal problems, and preventive orthodontic treatment. The inclusion criteria were extracted teeth with no external or internal pathological root resorption, absence of perforation in the internal or external furcation area, moderate root angulation, and two-thirds of intact root. The exclusion criteria were the presence of pathological root resorption, presence of perforation in the furcation area, severe root angulation, and root length less than two-third. One hundred and twenty root canals from 84 teeth were selected for the study.
All teeth were stored in distilled water at room temperature. They were then immersed in 3% sodium hypochlorite (Amdent, India) for 1 week for disinfection, and then stored in distilled water until they were used for the study. Digital radiographs were taken in a lab for selection of the root canals prior to the instrumentation of root canal. Standard coronal access was achieved with BR-31 diamond round bur (Mani, Japan) and Endo Z (Dentsply Maillefer, Ballaigues, Switzerland) at high speed, under cooling with distilled water. All specimens were then rinsed with saline. The root canals were filled with India ink using a 30 gauge needle syringe. The teeth were left in wet conditions at room temperature for 48 h.
Thirty root canals were randomly divided in three experimental groups and one control group. All root canals were prepared by the same operator.
Group 1 specimens were instrumented with stainless steel K-files (Dentsply Maillefer, Ballaigues, Switzerland).
In Group 2, Mtwo files® (VDW, Munich, Germany) and in Group 3, WaveOne system (Dentsply Maillefer, Ballaigues, Switzerland) were used for instrumentation. In Group 4, (control group) no instrumentation was done. The actual root canal length was determined visually by inserting an ISO size 10 hand K-file (Dentsply Maillefer, Ballaigues, Switzerland) into the canal until the file tip could be seen at the apical foramen. The working length was calculated by subtracting 1 mm from actual root canal length. In Group 1, all the 30 root canals were instrumented manually with K-files with the step-back technique up to file ISO size 30.
In Group 2, all the 30 root canals were cleaned with 21 mm-long Mtwo NiTi rotary files driven with a torque-limited rotation Mtwo direct handpiece (Sirona, Bensheim, Germany) with torque control at a maximum speed of 280 rpm. All the files were used to the full length of the root canal, as for the single-length technique. Four Mtwo instruments (10/0.04, 15/0.05, 20/0.06 and 25/0.06) were used in primary teeth.
In Group 3, all the 30 root canals were prepared using WaveOne small file (6% taper) using the crown-down technique. The instrumentation time in each root canal was measured by a chronometer.
In all three experimental groups, the canals were flushed with 5 ml normal saline and dried with absorbent paper points. The pulp chamber was then filled with temporary cement (Coltosol, Coltene/Whaledent AG, Switzerland) and apical ends were sealed with sticky wax. The instrumented teeth were then stored in wet conditions.
For evaluation of cleaning efficacy, the teeth were placed separately in 7% hydrochloric acid and the acid solutions were changed daily until the tooth was completely decalcified. The teeth were then washed under running water and dehydrated in a series of ethyl alcohol concentrations: 70% alcohol for 16 h (changed after 8 h) followed by 80% alcohol for 8 h, 95% alcohol for 8 h, and 100% alcohol for 8 h. After dehydration, the teeth were cleared in methyl salicylate for 6 h.
The cleared teeth were examined under a stereo microscope (SMZ-143 series, Motic Company) at × 10 magnification. The scoring was done by an independent blinded examiner. They were scored according to the amount of India ink remaining in the coronal, middle, and apical thirds of the canal on a scale of 0-3.
•
RESULTS
Comparison between the control group and the three experimental groups revealed that files in the three experimental groups were able to remove the ink. The cleaning efficacy of both Mtwo and WaveOne was better than the K-file at the coronal third of the root canal. Among experimental groups, at the coronal level, WaveOne showed more ink removal and the difference found was highly significant (P < 0.0001).
In the middle third of the root canal, WaveOne performed better than Mtwo and K-file. The difference in their cleaning ability was found to be statistically significant (P < 0.005).
In the apical third of the root canal, K-file performed better than other file systems, but the difference was not found to be statistically significant (P = 0.059). When the composite score of all three levels were evaluated, WaveOne was better than the Mtwo and K-file [ Tables 1 and 2 ].
The mean value of time spent for instrumentation of canal by the K-file was 6.22 min, Mtwo was 3.78 min, and WaveOne was 2.37 min. WaveOne was found to take significantly (P < 0.0001) less time than Mtwo and K-file [ Table 3 ].
DISCUSSION
There are few studies that compare the cleaning ability of manual and rotary instrumentation in primary teeth. The current study compared the cleaning efficacy of manual instrument and two rotary systems in the preparation of primary molar root canals.
The ink penetration and clearing technique is useful for studying the cleaning ability of the instrumentation and the morphology of human teeth because it makes the teeth transparent so that the pulp cavity and root canal walls can be diagnosed. [1, 6] Some studies have reported the advantages of manual instrumentation over rotary files regarding root canal wall preparation. [11, 12] However, other studies have reported better results with rotary NiTi systems. [13] The new Mtwo files have an S-shaped cross section and a noncutting tip. Thus, their positive rake angle with two noncutting edges is responsible for effective dentine cutting and achieving symmetrical root canals. [14] The low fracture rate of Mtwo may be due to the increasing pitch length from tip to shaft, which reduces the tendency of the files to screw-in, thus minimizing the risk of instrument fracture. [8] In addition, the electric torque-limited handpiece used with Mtwo direct helps reduce file fractures. However, according to Bürklein and Schäfer, both the Endo IT motor and Mtwo direct handpiece control motors are equally safe and suitable for preparing curved canals. [15] Because of the particular design features of Mtwo instruments, file deformation may be significantly more frequent than with other instruments. Thus, the working parts of Mtwo files should be carefully examined after every use. [8] The efficacy of Mtwo rotary systems has been compared to that of other rotary files. Foschi et al. reported that both the Mtwo and Pro Taper rotary systems produced a clean canal in the coronal and middle thirds, but were unable to produce dentine surfaces free from smear layer and debris in the apical third. [16] Schäfer and Oitzinger found that Mtwo and RaCe instruments had a greater cutting efficiency than the profile of Flexmaster and Alfafile rotary NiTi instruments. [17] Other studies evaluated the preparation of curved canals by comparing Mtwo files against other NiTi rotary devices. The results confirmed that Mtwo NiTi files preserved canal curvatures better than K3, RaCe, [8, 9] and Pro Taper [7] instruments. Other researchers reported fewer preparation errors with Mtwo files, a finding that may be related to the specific design of these instruments. [18] With no literature available for the use of WaveOne file system in primary tooth, we followed the manufacturer's instructions for preparation of the root canal. Primary file (0.06 taper) was selected by considering primary molar root canal morphology. WaveOne showed best results which can be attributed to the reciprocating motion, reverse cutting action, modified convex triangular cross section at the tip end, and a convex triangular cross section at the coronal end. [19] This design improves the overall flexibility of the instrument. The tips are modified to follow canal curvature accurately. The variable pitch flutes along the length of the instrument improves safety considerably. [20] The advantages of the reciprocating motion are based on the physics' law of action and reaction applied to root canal instrumentation, which results in a balanced force. [20] To overcome the root curvature, balanced forced technique was proposed by Roane et al. [21] The reciprocating movement minimizes torsional and flexural stresses, increases the canal centering ability, and reduces the taper lock within the number of instrument cycles within the root canal. [20] In the present study, the preparation time included active instrumentation as well as the time required for changing instruments, cleaning the flutes of the instruments, and irrigation of the canal.
According to studies, preparation time is dependent on the technique, operators experience, number and type of instruments used. [22, 23] In this study, there was a significant difference in the mean preparation time between all three file systems (P < 0.0001). WaveOne required significantly less time (2.37 min) for preparation of root canals than preparation with Mtwo (3.78 min) and K-file (6.22 min).
CONCLUSION
Mtwo and WaveOne systems showed significant difference in cleaning ability in the coronal and middle third of the primary molar root canal as compared to manual instrumentation (K-file).
While considering the coronal and middle third of the root canal, WaveOne's cleaning ability was the best among the three file systems.
All three file systems clean the apical third of the root canal effectively and efficiently yet there was not much difference between the files in cleaning efficacy at the apical third.
In addition, while evaluating the instrumentation time, WaveOne took less time than the other two file systems.
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